Introduction
Dent disease is a rare X-linked recessive proximal tubulopathy that presents with hypercalciuria, low molecular weight proteinuria (LMWP), nephrolithiasis, nephrocalcinosis. and progressive renal failure. Based on its phenotype, Dent disease is divided into two types, Dent disease 1 (OMIM #300009) and Dent disease 2 (OMIM#300555). The former is caused by mutations in the CLCN5 gene on chromosome Xp11.22 and the latter is caused by mutations in the OCRL gene on chromosome Xq25. Dent disease mainly affects males, whereas female carriers may exhibit a milder phenotype. Patients are usually diagnosed in childhood or in young adulthood. LMWP is the most consistent feature, occurring in 99% of affected males (1, 2) .
This study has focused on analyzing the clinical features, diagnosis, and treatment of childhood Dent disease in China.
Subjects and Methods

Participants
This study was approved by the ethics committee of the Peking University First Hospital and was conducted in accordance with the guidelines of the 2000 Declaration of Helsinki and the Declaration of Istanbul 2008. Consent was obtained from all patients and their family members.
Data on 10 Chinese patients with childhood Dent disease were collected from January 1, 2014 to December 31, 2015 and retrospectively analyzed. The patients in question belonged to 9 families (Patients 6 and 7 were brothers).
The clinical diagnosis of Dent disease is based on the presence of all three of the following criteria: i) LMWP (elevation of urinary excretion of α1-microglobulin at least 100-fold above the upper limit of normality, or LMWP above 50 percent in urine protein electrophoresis); ii) hypercalciuria (> 0.1 mmol/kg in a 24-hour urine collection or > 0.21 mg/mg calcium to creatinine ratio in a spot sample); and iii) at least one of the following: nephrocalcinosis, kidney stones, hematuria, hypophosphatemia, or renal insufficiency. The identification of a mutation in either CLCN5 or OCRL1 confirms the diagnosis (3, 4) .
General information such as age of onset and age at diagnosis and medications used was obtained from all subjects. The ratio of urinary calcium to creatinine (UC/Ucr) was calculated and 24-h urinary calcium (UCE) and protein were quantitatively determined. α1-microglobinuria and microalbuminuria, renal function, and electrolytes were monitored and urine protein electrophoresis and renal ultrasound were performed.
Detection of mutations in CLCN5 and OCRL1
Mutations in CLCN5 (MIM:300008) and OCRL1 (MIM:300535) were detected by amplifying the exons of both genes with PCR (5-7).
Treatment
Once diagnosis was confirmed, all 10 patients were orally given dihydrochlorothiazide (HCTZ) 0.5-1 mg/ kg and potassium citrate 2-3 mmol/kg twice daily, and patients were also instructed to consume a calcium-free diet. Seven patients over the age of 5 and weighing over 20 kg were orally given Lotensin 5 mg once daily, while the remaining 3 patients (Nos. 4, 7, and 8) were not since they were under the age of 5 and weighed less than 20 kg.
Statistics
Statistical analysis was performed with the software SPSS 12.0. Every index was measured three times and expressed as the mean ± SD. Differences before and after treatment were analyzed using a pairedsamples t test. The relationship between the ratio of α1-microglobulinuria to microalbuminuria and LMWP in urine protein electrophoresis was analyzed using Pearson's correlation coefficient. p values less than 0.05 were considered statistically significant.
Results
All 10 patients were boys, with an age of onset from 1.2 to 5.7 years and an age at diagnosis from 1.5 to 9.8 years. The median time to clinical diagnosis was a year or longer in 9 patients, and up to 4.1 years in 1. Eight of the patients were administered glucocorticoids and more than one immunosuppressive agent. Five patients underwent a renal biopsy. The biopsy revealed focal segmental glomerulosclerosis (FSGS) in 2 patients, minimal change disease (MCD) in 2, and mesangial proliferative glomerulonephritis (MsPGN) in 1. Nephrocalcinosis was noted in 2 patients (Nos. 2 and 5), growth deficiency was noted in 3 (Nos. 4, 9, and 10), and rickets was noted in 1 (No.10), but renal impairment was not noted. The patient with a OCRL gene mutation (No.10) also presented with congenital cataracts (zonular). No other relevant findings such as hypophosphatemia, hyperphosphaturia, hypokalemia, or microscopic hematuria were noted, as shown in Table 1 .
All of the patients had proteinuria in the nephrotic range (51-64 mg/kg/24 h), hypercalciuria (UC/Ucr 0.31-0.56, UCE 0.16-0.28 mmol/kg/24h), and aminoaciduria. α1-microglobinuria and microalbuminuria markedly increased, with α1-microglobinuria 100-300-fold above the upper limit of normality. In all of the patients, LMWP was above 50 percent in urine protein electrophoresis and the ratio of α1-microglobulinuria to microalbuminuria was above 1. Those 2 findings were closely correlated (r = 0.972, p < 0.001). Nine patients carried a mutation in the CLCN5 gene while one carried a mutation in the OCRL gene. The mutations included 8 missense mutations and 1 deletion. Six mutations were noted for the first time, as shown in Table 2 .
After 2 weeks of therapy with dihydrochlorothiazide and potassium citrate, the ratio of urinary calcium to creatinine and urinary calcium excretion decreased to a median excretion of 0.16 (range: 0.15-0.25, n = 10) and 0.09 mmol/kg/24 h (range: 0.07-0.13, n = 10) compared to 0.35 (range: 0.31-0.56, n = 10) and 0.19 mmol/kg/24 h (range: 0.16-0.28, n = 10) at initial measurement (p < 0.001). Eight patients became normocalciuric. Marked hypokalemia was not noted in a follow-up at 6-15 months. The 2 patients who had nephrocalcinosis 42 
Discussion
Dent disease is an X-linked recessive renal tubulopathy, and LMWP is its most consistent feature. Dent disease mainly affects male children, and female carriers are generally asymptomatic. In two-thirds of patients, the disease is caused by mutations in the CLCN5 gene, which encodes the electrogenic chloride/proton exchanger ClC-5. A few patients have mutations in OCRL, which encodes a phosphatidylinositol-4, 5-biphosphate-5-phosphatase (OCRL). Both ClC-5 and OCRL1 are involved in the endocytic pathway for reabsorption of low molecular weight proteins in the proximal tubules (8, 9) .
There are few reports on mutations in CNCL5 in Chinese cases of childhood Dent disease (7) . The clinical characteristics of Dent disease in China are unclear. The current study has explored the clinical features, diagnosis, and treatment of 10 cases of childhood Dent disease in China.
First, all of the current patients had LMWP and hypercalciuria, although proteinuria was in the nephrotic range (51-64 mg/kg/24 h). This finding was similar to the results of other studies, which found that patients with childhood Dent disease all presented with proteinuria in the nephrotic range (7, 10) . This is presumably because Dent disease is incorrectly diagnosed in China. The median time to clinical diagnosis was a year or longer in 9 patients and up to 4.1 years in 1 patient. Eight patients were administered glucocorticoids and more than one immunosuppressive agent. This finding was consistent with the results of other studies, which reported that many patients with Dent disease presented with nephrotic-range proteinuria and some were treated for nephrotic syndrome (11) (12) (13) . The current results suggested that Dent disease should be considered in all male patients with nephrotic-range proteinuria without hypoalbuminemia or edema, and especially in young or adolescent patients, in order to prevent adverse reactions to unnecessarily administered immunosuppressive agents (14, 15) .
Second, there are many factors that may contribute to the underdiagnosis of Dent disease, including incomplete penetrance, variable expressivity, and occurrence in individuals with no family history. To improve detection, urinary low molecular weight proteins should be measured as a practical screening test for male patients with unexplained proteinuria. LMWP was defined by excessive urinary loss of α1-microglobulin or β2-microglobulin or urinary protein electrophoresis. The current results indicated that urinary α1-microglobinuria increased markedly (i.e.100-300-fold above the upper limit of normality) in all 10 patients. The ratio of α1-microglobulinuria to microalbuminuria was above 1, and this finding was closely correlated with the percentage of low molecular weight proteins in urinary protein electrophoresis (r = 0.972, p < 0.001). Third, patients with Dent disease are currently given supportive care in order to prevent nephrolithiasis. The current results indicated that the ratio of urinary calcium to creatinine and urinary calcium excretion decreased after 2 weeks of therapy with dihydrochlorothiazide and potassium citrate. Eight of the patients became normocalciuric. This finding is similar to that reported in other studies (12, 16, 17) . Angiotensin-converting enzyme inhibitors (ACEI) have been suggested as an option to control proteinuria in Dent disease, but the current results indicated that Lotensin was ineffective at treating proteinuria in 7 patients according to a followup at 3-6 months (p > 0.05). This finding is similar to the results of other studies (12, 13, 18) . However, Copelovitch et al. (19) noted moderate improvement in proteinuria in a patient with Dent disease after initiation of enalapril. Further studies need to be conducted with larger cohorts in order to establish treatment guidelines for Dent disease.
The current study has reported the clinical features, diagnosis, and treatment of 10 cases of childhood Dent disease in China. All of the cases presented with proteinuria in the nephrotic range, hampering diagnosis. Results suggested that the ratio of α1-microglobulinuria to microalbuminuria, if close to or above 1, can be used as a diagnostic criterion for tubuloproteinuria. Dihydrochlorothiazide and potassium citrate effectively controlled hypercalciuria while Lotensin was ineffective at treating proteinuria. 
